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Purpose:Due to increased use and improvements in diagnostic imaging studies, spontaneous isolated superior mesenteric
artery dissection (SISMAD), which is a rare vascular event, has been reported to occur on amore frequent basis. Although
there have been some anecdotal case reports describing the underlying pathology of SISMAD, the etiology of the majority
of SISMAD is still poorly understood. The purpose of this study was to determine the underlying cause of SISMAD.
Method: From July 2001 to March 2010, 51 consecutive patients with SISMAD (symptomatic 39, asymptomatic 12) and
38 patients with combined aortic and superior mesenteric artery dissection (CASMAD) were identified in a single
institution by retrospective investigations. Diagnosis was dependent on multi-detector helical computed tomography
(CT) scan. To find clinical characteristics of SISMAD, we compared demographic, clinical, and lesion (site of entry tear,
type, length) characteristics between the two groups. To find any flow dynamic abnormalities at the proximal segment of
the superior mesenteric artery (SMA), we conducted flow dynamic studies using computational fluid dynamic models
(V.12; ANSYS, Inc., Canonsburg, Pa). Streamline patterns and wall shear stress distributions were tested with computer
simulation models using three different branching angles of SMA from the abdominal aorta.
Results: Compared to CASMAD, SISMAD was more common in men (90.2% vs 71.1%; P  .02), less frequently
associated with hypertension (31.4% vs 65.8%; P  .001), and more frequently associated with intra-abdominal cancers
(11.8% vs 0%; P  .036). In a fluid dynamic study using computational fluid dynamic models, we found abnormal
mechanical stresses at the anterior wall around the convex portion of the SMA.
Conclusion: Development of SISMAD seems to be less likely the result of hypertension or connective tissue disease but
more likely due to hemodynamic force caused by convex curvature. ( J Vasc Surg 2011;53:80-6.)Dissection of the superior mesenteric artery (SMA) is
usually an extension of an aortic dissection (AD). However,
spontaneous isolated superior mesenteric artery dissection
(SISMAD) is a rare vascular event that has been increasingly
recognized in recent years.1-3 The development of ad-
vanced imaging technology has likely led to improved
identification of SISMAD, including mild to asymptomatic
cases. We may postulate that the prevalence of SISMAD
may be higher than originally reported and put it on the list
of the differential diagnosis of acute abdominal pain.
The majority of the literature concerning SISMAD
focuses on the diagnostic modality and treatment. The
etiology of SISMAD has not been well studied due to the
lack of reported cases and has been poorly understood thus
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80far. Although arteriosclerosis, fibromuscular dysplasia,4
cystic medial necrosis, and diseases of the elastic tissue (ie,
Marfan disease, Ehlers-Danlos disease) are frequently men-
tioned as possible causes of this rare event, no cause can be
found in themajority of the cases.5-7 On the contrary, acute
AD is much more common and risk factors or underlying
causes have already been widely studied and established.8,9
The entry site of SISMAD is typically found close to the
ostium of the SMA.10,11 We postulated that the SMA is
susceptible to arterial dissection at its convex curvature due
to increased shear stress at the point and anatomical char-
acteristics of the SMA, which is fixed at the retro-pancreatic
portion and runs into the relatively unfixed mesenteric root
making a transition from a fixed to an unfixed portion.
In this study, we attempted to determine the underly-
ing cause of the SISMAD by the inference from clinical and
fluid dynamic studies.
METHODS
We retrospectively reviewed a prospectively collected
database of 51 consecutive patients with SISMAD and 38
patients with combined aortic and superior mesenteric
artery dissection (CASMAD) admitted to a single institu-
tion during the period from July 2001 to March 2010.
Diagnosis of SISMAD and CASMAD were made on a
computed tomography (CT) scan or CT angiogram by
confirming “double lumen sign” or findings of false lumen
thrombosis. For the diagnosis of SISMAD, patients with a
st ma
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inal surgery, or mesenteric artery catheterization, and pa-
tients having multiple dissections involving visceral arteries
were excluded. This study was approved by the Institu-
tional Review Board of the Samsung Medical Center.
To determine disease characteristics of SISMAD, we in-
vestigated demographic (age, gender), clinical (concurrent
disease, mode of symptom onset, and time relation between
meal and symptom onset), and lesion characteristics (angio-
graphic type, SMAbranching angle from the aorta, location of
entry tear site, and length of SMAdissection) of SISMADand
compared them with those of CASMAD. Comparison of
demographic features and coexisting medical conditions be-
tween SISMAD and CASMAD was conducted excluding
patients with Marfan syndrome.
Considering the anatomical feature of the SMA, which
runs from the retro-pancreatic to the mesentery root, we
measured the distance from the inferior margin of the
pancreatic body to the entry site of the SMA dissection on
cross-sectional views of abdominal CT scan using the table
number of the CT scan (Fig 1). To find any relationship
between the SMA branching angle from the aorta and the
development of SISMAD, we measured the SMA branch-
ing angle on a sagittal view of CT angiogram and compared
them between SISMAD and CASMAD.
To investigate flow dynamics around the origin of SMA
and its convex curvature, we conducted a flow structure
investigation using computational fluid dynamics. The
commercial software CFX (V.12, ANSYS, Inc.), which uses a
Fig 1. Measurement of distance from the lowest margi
tomography (CT) scan. Three-dimensional reconstructe
spontaneous isolated superior mesenteric artery dissection
at the level of the most proximal entry site (A) and lowefinite volume method, was used to simulate blood flow bysolving the Navier-Stokes equations. The non-Newtonian
apparent viscosity of blood flow has little effect on blood flow
dynamics in the relatively large arteries of interest.12 Corre-
sponding to standard values from the literature, blood was
assumed Newtonian with a viscosity (N) of 3.7  10
3
Pa·second and a density of 1.06 103 kg/m3.13
In the present study, however, the shear-thinning ap-
parent viscosity () model of Carreau-Yasuda was used for
a better investigation of blood flow behavior. The model is
expressed as:14
  
0  
 [1  (
.
)a]n1 ⁄a,
in which 
.
, , 0, and  are the shear rate, viscosity at
infinite shear rate, zero shear rate viscosity, and relaxation
time, respectively; a and n are parameters. The governing
equations are conservations of mass and momentum for
pulsatile, incompressible, and isothermal flows with no-slip
boundary condition at the fluid-solid interface. The systolic
blood pressure was given as 130 mm Hg with 80 pulsatile
beats per minute. Approximated Reynolds number
(Re  VD ⁄N) based on mesenteric artery blood flow
velocity (V) and vessel inner diameter (D) of 0.7 cm are
about Re  12200 with standard values. These values of
Reynolds number are consistent with laminar flow within
the mesenteric artery where viscous forces are dominant
and are characterized by a smooth, constant fluid mo-
tion. The streamline patterns and wall shear stress (WSS)
the pancreas to an entry site of dissection on computed
ral view showing the relative position of an entry site of
MAD) and pancreas body (P) (left); cross-sectional view
rgin of pancreas (B).n of
d late
(SISdistributions at the midsection at a systolic phase were
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aorta (): 60o, 90o, and 120o.
For comparison of data, chi-square test, Mann-Whitney,
and Fischer exact tests were used. Continuous variables
were presented as mean  SD. Statistical significance was
expressed as P values with values of P  .05 considered
significant.
RESULTS
During the study period, we found 51 patients with
SISMAD and 38 patients with CASMAD. Among 51 pa-
tients with SISMAD, 12 patients (23.5%) were incidentally
detected on CT scans performed for other purposes (pre-
operative workup for intra-abdominal cancer in 5 patients,
retroperitoneal tumor in 1 patient, abdominal aortic aneu-
rysm in 2 patients, liver transplant donor in 1 patient,
common bile duct stone in 1 patient, and routine health
check in 2 patients). In all symptomatic patients with SIS-
MAD (n 39; 76.5%), a typical symptom was acute onset of
abdominal pain and pain onset was after overeating or
overdrinking in 8 patients (20.5%). Compared to CAS-
MAD, SISMAD were more common in men (90.2% vs
71.1%; P  .02), more often presented without symptoms
(23.5% vs 0%; P  .001), less often associated with hyper-
tension (31.4% vs 65.8%; P  .001), and more com-
monly associated with intra-abdominal cancers (11.8% vs
0%; P .036). Among the patients with cancer concurrent
with SISMAD, no patient revealed severe weight loss at the
time of the diagnosis. Two of the patients with CASMAD
had cancer, but the cancers were not intra-abdominal in
origin. The frequencies of atherosclerotic risk factors were
Table I. Comparison of demographic and clinical features
Feature SIS
Age (y, mean  SD) 54.6
Male %
Clinical manifestation
Symptomaticc
Symptom onset after over-eating or drinking
Mean time (h) between meal and symptom
onset
Bloody stool
Postprandial pain for 	7 days
Coexisting medical conditions
Hypertension
Diabetes mellitus
Coronary artery disease
Hypercholesterolemia
Smoking history
Marfan syndrome
Abdominal aortic aneurysm
Intra-abdominal cancere
CASMAD, Combined aortic and superior mesenteric artery dissection; SISM
aMann-Whitney test.
bChi-square.
cAll symptomatic patients have abdominal pain.
dFisher’s exact test.
eFive colorectal and 1 gastric cancer.not different between the two groups (Table I). Frequen-cies of concurrent Marfan syndrome diagnosed by Ghent
criteria15were 2% in SISMADand13.1% inCASMAD,which
did not reach a statistically significant level of difference.
On retrospective review of CT angiograms, the major-
ity of SISMAD started around the curvature of the SMA.
According to the angiographic classification in our previous
study16 (Fig 2), SISMADs of our patients were classified
into 19 (37.3%) type I (patent true and false lumen with
identifiable entry and reentry sites), 28 (54.9%) type II (IIa,
patent true and false lumen but not visible reentry site; IIb,
patent true lumen but thrombosed false lumen, which
usually accompanies narrowing of the true lumen), and 4
(7.8%) type III (dissection causing thrombotic occlusion of
the main trunk of the SMA; Table II).
The mean distance between the inferior margin of the
pancreas and dissection entry site was 11.2  9.61 mm. In
17 of 51 cases (33.3%), the entry site was located proximal
to the lower margin of the pancreas body. In addition, we
measured the dissection length and the distance from the
aorta to the dissection entry site on the sagittal view of CT
scans in patients with SISMAD. We found that the entry
site of dissection was located more distally (25.6  13.8
mm vs 20.2  10.9 mm; P  .023) and the length of the
dissection was shorter (44.2  23.8 mm vs 72.32  32.9
mm; P  .009) in the asymptomatic patient group com-
pared to the symptomatic patient group of SISMAD.
On a comparison of SMA branching angle between
SISMAD and CASMAD groups, there showed no signifi-
cant difference between the two groups (116.3  23.3° vs
118.2  21.8°, P  .710).
Fig 3 shows the streamline patterns (Fig 3, A1, B1, and
een SISMAD and CASMAD
(n  51) CASMAD (n  38) P value
1.7 (40-85) 58.0  10.0 (40-79) NSa
90.2%) 27 (71.1%) .02b
76.5%) 0 .001d
20.5%) NA
 3.8 NA
5.1%) 1 (2.6%) NSd
7.7%) 0 NSd
31.4%) 25 (65.8%) .001b
5.9%) 5(13.2) NSd
3.9%) 3 (7.9%) NSd
9.8%) 4 (10.5%) NSd
37.3%) 15 (39.5%) NSb
2%) 5 (13.1%) NSd
5.9%) 7 (18.4%) NSd
11.8%) 0 .003d
spontaneous isolated superior mesenteric artery dissection.betw
MAD
 1
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during the systolic phase using various branching angles of
SMA from the abdominal aorta. When we focus on the
streamline patterns, we could see the rotating vortical flow
close to the ostium of the SMA. We also observed an
accelerated flow from the posterior wall toward the anterior
wall of the SMA with strong momentum independent of
the branching angle (Fig 3, A1, B1, and C1). Moving
downstream, the ascending shear flow at the convex region
of the SMA reattached on the anterior wall of the SMA, and
divides into two flow streams, making a stagnant point on
the anterior wall (Fig 3, A1).
When the branching angle of the SMA from the aorta
increased, the size of the recirculation bubble rotating in
the direction of the anterior wall was increased. The recir-
culation bubble can make another counter-rotating vortex
Fig 2. Angiographic classification of spontaneous is
Table II. Comparison of lesion characteristics on angiogr
Feature
Length of SMA dissection (mm)
SMA branching angle from the aorta
Distance from the lower margin of the pancreas to the entry site o
SMA dissection (mm)
Type of dissection
SISMAD16,c
CASMAD (Stanford)
Intervention required for SMA lesion
Mortality rate 30 days
Bowel ischemia-related mortality
CASMAD, Combined aortic and superior mesenteric artery dissection; SIS
mesenteric artery.
aMann-Whitney test.
bFisher’s exact test.
cType of SISMAD: type I, patent true and false lumen revealing entry and r
site with or without false lumen thrombosis; type III, mesenteric artery dissflow beyond the stagnation point with relatively strong flowmomentum at the anterior wall of the SMA (Fig 3, A1 and
B1). In addition to the flow stream toward the anterior wall
of the SMA, a dividing shear flow was observed at the
posterior wall of the SMA, which might be due to the
convex curvature of the SMA (Fig 3, A1).
On fluid dynamic models, the convex curvature of the
SMA can induce a loss larger than the simple Moody
friction loss due to the flow separation and swirling second-
ary flow arising from the centripetal acceleration.17 Addi-
tional bend loss coefficients (K) are known to be propor-
tional to the flow head loss (hf) related linearly to pressure
change. Therefore, this kind of abrupt head loss can cause
local WSS increment around the posterior wall of the SMA
around its curvature (Fig 3,A2 andC2). With regard to the
initial resistance loss, an entrance loss still depends on the
entrance geometry of the SMA branch inlet, which can also
superior mesenteric artery dissection (SISMAD).16
nd clinical course between SISMAD and CASMAD
SISMAD (n  51) CASMAD (n  38) P value
65.6  33.1 48.2  36.1 .008a
116.3  23.3 118.2  21.8 NSa
11.2  9.61 NA NA
I 19 (37.3%) A 22 (57.9%) NA
II 28 (54.9%) B 16 (42.1%)
III 4 (7.8%)
5 (9.8%) 4 (10.5%) NSb
0 2 (5.3%) NSb
0 0
spontaneous isolated superior mesenteric artery dissection; SMA, superior
y sites; type II, patent true lumen revealing entry site but no visible reentry
with occlusion of main trunk of mesenteric artery.am a
f
MAD,
e-entraffect the WSS distribution (Fig 3, A2). However, initial
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scope of this study searching for the cause of SISMAD.
DISCUSSION
Due to increased use and improvements in diagnostic
imaging studies, SISMAD has been reported more fre-
quently than before. As mentioned earlier, the majority of
the literature on SISMAD focuses on the clinical features
and treatment strategies. According to the previous reports,
demographic and clinical characteristics of SISMAD can be
summarized as most commonly occurring in males in their
mid-50s in age who commonly present with sudden onset
of abdominal pain. The frequencies of associated risk fac-
tors of atherosclerosis or atherosclerotic cardiovascular dis-
Fig 3. Limiting streamline patterns (left panels; A1, B
panels; A2, B2, and C2) according to three branching
from the aorta.ease were low.18,19 Due to the rarity of this disease, theunderlying cause and the natural course of SISMAD have
yet to be determined.16
Although we do not know that SISMAD is more
prevalent in Asian people, we found that many case series of
SISMAD were reported from the Asian countries on liter-
ature review. We think relatively common detections of
SISMAD in our institution attribute to our higher index of
suspicion of this rare disease and referral pattern from other
hospitals to our institution.
After reviewing 22 patients with SISMAD, Yasuhara et
al20 reported that estimated etiologic factors were athero-
sclerosis in 3 patients (18%), medial necrosis or degenera-
tion in 3 patients (14%), and suspected fibromuscular dys-
plasia in 1 patient (5%), whereas 14 patients (63%) revealed
d C1) and wall shear stress (WSS) distributions (right
s (60o, 90o, and 120o) of the superior mesenteric artery1, an
angleno identifiable etiology. Recently, Takayama et al19 re-
JOURNAL OF VASCULAR SURGERY
Volume 53, Number 1 Park et al 85ported on 19 patients with splanchnic artery dissection
including 11 patients with SISMAD. According to them,
etiologic factors of splanchnic artery dissection were arte-
riosclerosis (32%), medial degeneration (24%), trauma
(22%), mycosis (10%), and arteriopathies and periarterial
inflammation in association with cholecystitis or pancreati-
tis, fibromuscular hyperplasia, and pregnancy. In their re-
port, trauma was included as an etiology and concluded
that no specific cause was found in most cases of splanchnic
artery dissection.
Some authors suggested arterial wall pathology as the
underlying causes of SISMAD, which included fibromus-
cular dysplasia, cystic medial necrosis, arterial mediolysis,21
adventitial inflammation, disruption of the internal elastic
lamina, penetrating ulcer, pseudoaneurysm, and aneu-
rysm.22 Although several authors described various con-
nective tissue disease as possible causes of SISMAD, no
specific underlying cause of SISMAD was identified in the
majority of reports.
On the contrary, SISMAD pathogenesis of acute AD
has already been widely studied with a well-established
acceptable hypothesis. Hypertension, old age, atheroscle-
rosis, connective tissue disease (such as Marfan syndrome,
Ehlers-Danlos syndrome, and Loeys-Diez syndrome),
pregnancy, or cocaine abuse are known risk factors of AD.9
Among those risk factors, chronic arterial hypertension has
been widely accepted as the most common acquired con-
dition that leads to AD from high shear stress. Nearly 75%
of patients with acute AD have a history of hypertension.23
On histological findings, cystic medial necrosis is
known as a hallmark histological finding of AD. Micro-
scopic features of decreased vascular smooth-muscle cells,
mucoid deposition, elastin fragmentation in AD are similar
to findings seen in abdominal aortic aneurysms, but inflam-
mation is not a central feature in AD, suggesting that the
pathological changes are distinct.9,24,25 Histological find-
ings in some case reports of SISMAD show fragmentation
of elastic fibers, loss of smooth muscle tissue, areas of cystic
degeneration, and atheromatous changes in the arterial
wall. However, no definite correlation could be found with
cystic medial necrosis, fibromuscular dysplasia, arterioscle-
rosis, or hypertension.26
In our series, we were able to get SMA wall specimens in
4 patients with SISMAD for histologic examination, which
revealed no specific arterial wall pathology except arterial wall
dissection on hematoxylin-eosin stain.
CASMAD is a variant of AD extending to the SMA. By
comparing demographic and clinical features between
SISMAD and CASMAD, we could find characteristics of
SISMAD different from AD.
Characteristics of vascular disorder secondary to the
hereditary connective tissue disease are common family
history, affecting large elastic artery and multiple artery
involvement, and occurrence in a relatively younger age
group. In our series, we found a patient with Marfan
syndrome who presented with SISMAD. As a whole, we
found no evidence to support connective tissue disorders as
an underlying cause of SISMAD.Turning to the hemodynamic mechanism of arterial
dissection, we found that the location of the dissection
entry site was consistently around the convex curvature of
the SMAby a retrospective review of CT scans in all patients
with SISMAD. Assuming that there is a transition zone at
the proximal SMA from the retro-pancreatic, fixed to a
relatively unfixed segment in the mesentery root, we mea-
sured the distance between the inferior margin of the
pancreas and the entry site of the SMA dissection on CT
scans in patients with SISMAD. Its mean distance was
11.2  9.61 mm. Although there is a possibility of retro-
grade dissection from the initial entry site, we found that
SMA dissection always started around the convex curvature
of the SMA and this finding was more apparent in patients
with very short-length SISMADs. Absence of any evidence
to support the underlying arterial wall pathology and well-
matched location of dissection entry site with the location
showing abnormal fluid dynamic at the convex curvature of
the SMA supports a local, hemodynamic etiology in the
development of SISMAD. Among patients with SISMAD,
asymptomatic presentation can be explained by its more
distal location of the entry site and shorter length of dissec-
tion compared to the symptomatic patients.
Anatomic characteristic of the transitional zone in the
SMA from a fixed to an unfixed segment has been previ-
ously postulated as a possible underlying cause of SIS-
MAD,10,11 but no attempts have been made to verify this
hypothesis so far. We can often observe descending tho-
racic AD (Standford type B), in which the entry site of the
AD is usually located at the distal to the left subclavian
artery. Analogous to type B AD, we can assume that a
transitional zone in the SMA can provide an abnormal wall
stress to a certain part of the vessel wall in addition to the
convex configuration of the SMA. In retrospective review-
ing of the CT scans of patients with SISMAD, we found
that the dissection entry site was located at the anterior wall
of the SMA. The dissection entry sites did not match up
well to the inferior margin of the pancreas on a CT scan.
About one-third of the patients with SISMAD showed that
the dissection entry site was located proximal to the inferior
margin of the pancreas.
On the fluid dynamic study using computational fluid
dynamics, we can infer that a stagnation point, a downward
flow reattachment point toward the anterior wall of the
proximal SMA, could be matched up to the anatomical
transitional zone in the SMA. The location of the transi-
tional zone was expected to be L/D 0.951.0, in which
L is the axial length and D is the SMA diameter. The
concentrated force, related to the local radial pressure
increment of the simulation result, can also be applied on
the transitional zone adjacent to the flow stagnation region
by the separated flow stream moving toward the anterior
wall of the SMA. Flow stagnations at both anterior and
posterior walls can also induce flow bouncing with severe
shearing force on the SMA wall.
If we assume that the transitional zone from a fixed to
an unfixed segment, theoretically a dominant vertical force
with no moment will exist. In addition, the tangential wall
JOURNAL OF VASCULAR SURGERY
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directional flowmomentum.Themagnitude of radial stress of
the unfixed part was greater than that of the fixed part. The
location of the radial stress increment was well matched with
the location of the transitional zone (Fig 3,A2). In the case of
the 120o inclination angle, the recirculation region was more
stretchedwith relatively increased downwash flow speed and a
somewhatwidened stagnation area. Therefore, we can assume
that tangential stress will be dominant because of the
relatively strong momentum of the axial mainstreammove-
ment (Fig 3, C1 and C2).
Assuming that mesenteric flow augmentations may
change hemodynamic forces at a specific part of the SMA
wall and can lead to the development of SISMAD, we
investigated factors that may increase mesenteric blood
flow before symptom onset. Mean time interval between
meal and symptom onset was 4 hours in symptomatic
patients and in 20.5% of patients with SISMAD, symptoms
developed after overeating or overdrinking. Although
intra-abdominal cancer can also cause mesenteric artery flow
augmentation, most of concomitant cancers with SISMAD
were colorectal cancer, which is out of the SMA territory.
In summary, development of SISMAD seems more
likely due to abnormal hemodynamic force caused by con-
vex curvature of the SMA. On a computer simulation
model, we observed abnormal mechanical stresses to the
anterior wall of the SMA anatomical at the transition zone
of the SMA from a fixed to a relatively unfixed portion, but
the location of dissection entry was not consistent with the
lower margin of the pancreas.
In conclusion, we observed that SISMAD starts at the
anterior wall of the convex part of the SMA. We do believe
that the abnormal flow dynamics occurring at that particu-
lar site of the SMA is an important factor in the develop-
ment of SISMAD.
We have reused the part of results of our previous study
(eg, Fig 2 angiographic classification of SISMAD) pub-
lished in the European Journal of Vascular and Endovascu-
lar Surgery16 with full acknowledgement.
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